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$\frac{\partial v}{\partial t}+v\cdot\nabla v=-\nabla p+j\cross B$ (1)
$\frac{\partial B}{\partial t}+v\cdot\nabla B=B\cdot\nabla v-\eta\nabla\cross j$ (2)
. B=0 $\nabla\cdot v=0$ (3)
$p$ $\eta$ $v$
$B=B_{T}e_{z}+e_{z}\cross\nabla\psi$ $j=\nabla\cross B/4\pi$ $B_{T}$
$\psi$ $z$
Lundquist
$\tau_{R}=\frac{4\pi a}{\eta}$ , $\tau_{A}=\frac{a}{v_{A}}$ , $S= \frac{\tau_{R}}{\tau_{A}}$ , $v_{A}= \frac{\psi_{0}’’(0)a}{\sqrt{4}\pi}$ .
$\psi_{0}(x)$ ’ $x$
$\psi(x=\pm a)=const$ . (4)
(7)
$\psi=\psi_{0}(x)$ (5)















( $\psi_{1}(x)$ $\delta_{e}$ ) $\text{ }$ $\psi_{1}(x)$ Newcomb
$\psi_{0}’(x)\{\psi_{1}’’(x)-k^{2}\psi_{1}(x)\}-\psi_{0}’’’(x)\psi_{1}(x)=0$ (9)
’ $x$ $x=0$ $\psi_{0}’(x)=0$
$x=0$






(I) $F(x)$ Newcomb (9) $F(0)=0$


































$g(0)=0$ $g(\pm a)=1$ $[5, 9]$















(3) [ [ $v=e_{z}\cross\nabla\varphi,$ $\varphi=\varphi_{1}(x,t)\sin ky$ ,
$\varphi$
$x\approx \mathrm{O}$ $k$ $\partial/\partial x$
$\frac{\partial}{\partial t}\frac{\partial^{2}\varphi_{1}}{\partial x^{2}}=-\frac{B_{0}k}{4\pi}\frac{x}{a}\frac{\partial^{2}\psi_{1}}{\partial x^{2}}$ (16)










$\tilde{\psi}_{n}(\hat{x},\hat{s})=,\frac{\tilde{\psi}_{1}(x,s)}{\psi_{0}’(0)a^{2}}$ , $\tilde{\varphi}_{n}.\cdot(\hat{x},\hat{s})=\frac{\tilde{\varphi}_{1}(x,s)}{v_{A}a}$ ,
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$\epsilonarrow 0$ ( $|\hat{x}|arrow\infty$ )
3.3






$\Psi_{\infty}\equiv-C$ Hazeltine Meiss[18] $\alpha x^{2}=\hat{x}^{2}/\hat{s}^{1/2}$ ,
$\alpha=1/x_{R}x_{A},$ $x_{R}/x_{A}=\hat{s}^{3/2}$




















$\tilde{\psi}_{-n}(\hat{x},\hat{s})$ $=$ $- \chi+\hat{x}\int_{0}^{\hat{x}}\frac{1}{\hat{x}}\frac{d\chi}{d\hat{x}}d\hat{x}$
$=$ $\Psi_{\infty}-\Psi_{\infty}\frac{\hat{s}^{3/2}}{2^{6/2}}\int_{0}^{1}y^{(\hat{\iota}-6)/4}’\sqrt{1+y}/2\exp(\frac{-\hat{x}^{2}}{2\hat{s}^{1/2}}\frac{1-y}{1+y})dy$








$\Delta_{0}’=[\frac{df(x)}{dx}]_{-0}^{+0}$ , $\Delta’$. $=[ \frac{dg(x)}{dx}]_{-0}^{+0}$
$\Delta_{0}’$ ( )
$\Delta_{0}’$





$\tilde{\psi}_{in}(\hat{x},\hat{s})\approx\Psi_{\infty}(s)+\Psi_{\infty}(s)\dot{.}\frac{\Delta_{n}’(s)}{2}x+\cdots$ $\hat{x}arrow+\infty$ , (30)
$\Psi_{\infty}$
$\Delta_{in}’(s)$ $=$ $\frac{-\pi\hat{s}^{5/4}}{4\epsilon a}\int_{0}^{1}y^{(*-5)/4}’\sqrt{1-y}\wedge/2dy$
$=$ $\frac{-\pi\tau_{t}^{5/4}s^{5/4}}{8a}\frac{\Gamma(\tau_{\mathrm{c}}^{3/2}s^{3/2}/4-1/4)}{\Gamma(\tau_{\mathrm{c}}^{3/2}s^{3/2}/4+5/4)}$. (31)
$[17, 20, 21, 22]_{\text{ }}$ $\tau_{t}=\tau AS^{3/5}/(ka)^{2/5}$
$\tau_{c}$
$\Gamma$
\Delta ; (s) $= \frac{1}{\epsilon a\psi_{\infty}}[\frac{d\tilde{\psi}_{n}}{d\hat{x}}\dot{.}]_{-\infty}^{\infty}=\frac{1}{\epsilon a\psi_{\infty}}\int_{-\infty}^{\infty}\frac{1}{\hat{x}}\frac{d\chi}{d\hat{x}}d\hat{x}$ (32)
(28) (30)
$\tilde{\psi}_{1}(0, s)=\psi_{0}’’(0)a^{2}\Psi_{\infty}(s)$ , (33)
$\Delta_{out}’arrow)--\Delta_{n}’\dot{.}(s)$ . (34)
2 (26)
$\tilde{\psi}_{1}(0,s)$ $\tilde{\psi}_{n}.\cdot(0,\hat{s})$ $\tilde{\psi}_{1}(0, s)$
$\psi_{1}(0,t)$ (13)
5 .$\cdot$




[20, 21, 22, 23]
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1 $\ovalbox{\tt\small REJECT}^{3/2}$
$\psi_{i}.(0, \ovalbox{\tt\small REJECT} \mathrm{i})\ovalbox{\tt\small REJECT}$ l—-F$(1,- 1/2, \ovalbox{\tt\small REJECT};"/4+3/4,1/2)$ $\ovalbox{\tt\small REJECT}_{1}(0, s)$ .
$\psi\ovalbox{\tt\small REJECT}(0)a^{2}$





















$I_{b}(t)= \frac{k}{3\pi\tau_{A}}\int_{0}^{\infty}\sqrt{x}|\Gamma(ix-1/4)|^{2}\exp(-(4x)^{2/3}t/\tau_{\mathrm{c}}-\pi x)dx$ (41)






































$[2, 5]_{\text{ }}t\approx\tau AS^{1/3}$
constant-psi
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